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 ﻳﺴﺖﻣﺸﻜﻼت ز ﺗﻮاﻧﺪ ﻲﻣ ﻴﻂﻫﺎ در ﻣﺤ آن يﻫﺴﺘﻨﺪ ﻛﻪ دﻓﻊ و رﻫﺎ ﺳﺎز ﻫﺎﻳﻲ ﻳﻨﺪهاز ﺟﻤﻠﻪ آﻻ ﻫﺎ ﺑﻴﻮﺗﻴﻚ ﻲآﻧﺘ زﻣﻴﻨﻪ و ﻫﺪف:
و  اﻧﺴﺎن ﺑﺮ ﺳﻼﻣﺖ ﻲﺋ، اﺛﺮات ﺳﻮﺑﻬﺪاﺷﺘﻲ اتﺧﻄﺮﺑﺮوز و  ﻴﺖﺳﻤ ﻴﻞﺑﻪ دﻟ ﻴﺒﺎتﺗﺮﻛ ﻳﻦا ﻴﻤﺎﻧﺪهرا ﺑﻪ وﺟﻮد آورد. ﺑﺎﻗ يﺟﺪ ﻴﻄﻲﻣﺤ
ﻣﺘﺪاول ﺗﺼﻔﻴﻪ در ﺣﺬف اﻳﻦ  يﻫﺎ روش. از آن ﺟﺎﻳﻲ ﻛﻪ ﺳﺖا ﺿﺮوري ياﻣﺮ ﻴﻂﻫﺎ از ﻣﺤ ﺣﺬف آن، ﻟﺬا داﺷﺘﻪﻣﺨﺘﻠﻒ دات زﻧﺪه ﻮﻣﻮﺟ
ﺧﻄﺮات  ﺪدوﺳﺘﺪار ﻣﺤﻴﻂ زﻳﺴﺖ ﺑﻮده و ﺑﺘﻮاﻧﻨ ﻛﻪ ﻓﺎﺿﻼب ﻴﻪﺗﺼﻔﭘﻴﺸﺮﻓﺘﻪ ﻫﺎي ﻟﺬا ﺑﻪ ﺳﻴﺴﺘﻢ، ﻧﺪارد ﻗﺎﺑﻞ ﺗﻮﺟﻬﻲﺗﺮﻛﻴﺒﺎت ﻛﺎراﻣﺪي 
در اﻳﻦ ﻣﻄﺎﻟﻌﻪ ﺑﺎ اﺳﺘﻔﺎده از  ﺑﻨﺎﺑﺮاﻳﻦ .ﺑﺎﺷﺪ ﻲﻣﻧﻴﺎز  ﺑﻪ ﺣﺪاﻗﻞ ﺑﺮﺳﺎﻧﺪ ﻫﺎي ﺗﺼﻔﻴﻪ ﺷﺪهبﺎﺑﻬﺪاﺷﺘﻲ ﻣﺮﺗﺒﻂ ﺑﺎ اﻧﺴﺎن و ﻣﺤﻴﻂ را در ﭘﺴ
  .ﺷﻮد ﻲﻣﭘﺮداﺧﺘﻪ ﺑﻴﻤﺎرﺳﺘﺎﻧﻲ  يﻫﺎ ﻓﺎﺿﻼباز ﺗﺘﺮاﺳﺎﻳﻜﻠﻴﻦ  ﺑﻴﻮﺗﻴﻚ ﻲآﻧﺘاﻟﻜﺘﺮوﻓﻨﺘﻮن ﺑﻪ ﺣﺬف و ﺑﻬﻴﻨﻪ ﺳﺎزي  ﻓﺮاﻳﻨﺪ
در ﻓﺮاﻳﻨﺪ اﻟﻜﺘﺮوﻓﻨﺘﻮن ﻣﺆﺛﺮ  ﻋﻮاﻣﻞ . ﺗﺄﺛﻴﺮﺻﻮرت ﺗﺠﺮﺑﻲ و در ﻣﻘﻴﺎس آزﻣﺎﻳﺸﮕﺎﻫﻲ اﻧﺠﺎم ﮔﺮدﻳﺪاﻳﻦ ﻣﻄﺎﻟﻌﻪ ﺑﻪ  ﻛﺎر: روش
ﻏﻠﻈﺖ ﭘﺮاﻛﺴﻴﺪ  داﻧﺴﻴﺘﻪ ﺟﺮﻳﺎن،، ﺗﺘﺮاﺳﺎﻳﻜﻠﻴﻦﻏﻠﻈﺖ اوﻟﻴﻪ ﻣﺤﻠﻮل،  Hpﺷﺎﻣﻞ ﻧﻮع و ﻏﻠﻈﺖ اﻟﻜﺘﺮوﻟﻴﺖ، در ﺣﺬف ﺗﺘﺮاﺳﺎﻳﻜﻠﻴﻦ 
ﻃﺮاﺣﻲ  و ﻣﻴﺰان اﻧﺮژي ﻣﺼﺮﻓﻲ ﻣﻮرد ﺑﺮرﺳﻲ ﻗﺮار ﮔﺮﻓﺖ. ﻳﻜﻠﻴﻦﺗﺘﺮاﺳﺎﺑﺮ راﻧﺪﻣﺎن ﺣﺬف  ﻓﺎﺻﻠﻪ ﺑﻴﻦ اﻟﻜﺘﺮودﻫﺎ و زﻣﺎن واﻛﻨﺶ، ﻫﻴﺪروژن
اﻧﺠﺎم ﺳﺮي آزﻣﺎﻳﺶ  05و ﺗﻜﻨﻴﻚ ﻃﺮح ﻣﺮﻛﺐ ﻣﺮﻛﺰي در ﺦ ﭘﺎﺳ-ﺳﻄﺢ ﺑﺎ ﻣﺘﺪﺗﻮﺳﻂ ﻧﺮم اﻓﺰار ﻃﺮاﺣﻲ آزﻣﺎﻳﺶ  روش ﺑﻬﻴﻨﻪ ﺳﺎزيو 
( اﻧﺠﺎم AVONAﺗﻮﺳﻂ ﻧﺮم اﻓﺰار اﺳﺘﺨﺮاج و ﺗﺤﻠﻴﻞ آﻣﺎري آﻧﺎﻟﻴﺰ وارﻳﺎﻧﺲ ﻳﻚ ﻃﺮﻓﻪ ) آن و ﻣﻌﺎدﻟﻪ رﮔﺮﺳﻴﻮن ﻣﻨﺎﺳﺐ ﻣﺪل. ﮔﺮﻓﺖ
ﺗﺤﺖ ﺗﺼﻔﻴﻪ ﻗﺮار ﮔﺮﻓﺖ و ﻏﻠﻈﺖ ﺗﺘﺮاﺳﺎﻳﻜﻠﻴﻦ ﻗﺒﻞ و ﻪ ﺑﻴﻤﺎرﺳﺘﺎن در ﺷﺮاﻳﻂ ﺑﻬﻴﻨ ﭘﺴﺎب واﻗﻌﻲﻧﻤﻮﻧﻪ و  ﻴﻚﺳﻨﺘﺘﻓﺎﺿﻼب ﺳﭙﺲ ﮔﺮﻓﺖ. 
 ﺗﻌﻴﻴﻦ ﻣﻘﺪار ﮔﺮدﻳﺪ.ﻧﺎﻧﻮﻣﺘﺮ  063در ﻃﻮل ﻣﻮج   VUدﺗﻜﺘﻮر  ﺑﺎﻓﺎز ﻣﻌﻜﻮس  CLPH روشآﻧﺎﻟﻴﺖ ﺑﺎ ﺳﻨﺠﺶ ﺷﺪ.  ﻓﺮاﻳﻨﺪ ﺣﺬفﺑﻌﺪ از 
در راﻛﺘﻮر   eF/2O2Hرادﻳﻜﺎل ﺧﻮرﻫﺎ و ﻫﻤﭽﻨﻴﻦ ﻧﺴﺒﺖ  ﻴﺮﺗﺄﺛارزﻳﺎﺑﻲ  ﺷﺎﻣﻞ دﻧﺒﺎل ﻣﻄﺎﻟﻌﺎت ﺳﻴﻨﺘﻴﻜﻲﻪ ﺑ ﺗﺠﺰﻳﻪ ﺗﺘﺮاﺳﺎﻳﻜﻠﻴﻦﻣﻜﺎﻧﻴﺴﻢ 
   .رد ﺑﺮرﺳﻲ ﻗﺮار ﮔﺮﻓﺖﻣﻮ
، داﻧﺴﻴﺘﻪ 071-L.gm ﺗﺘﺮاﺳﺎﻳﻜﻠﻴﻦﻏﻠﻈﺖ اوﻟﻴﻪ ﺷﺮاﻳﻂ ﺑﻬﻴﻨﻪ ﺷﺎﻣﻞ در ﻣﻄﺎﺑﻖ ﺑﺎ ﻧﺘﺎﻳﺞ ﺑﻪ دﺳﺖ آﻣﺪه،  ﻫﺎ: ﻳﺎﻓﺘﻪ
ﻛﻠﺮﻳﺪ ﭘﺘﺎﺳﻴﻢ  057 1-L.gm ﻏﻠﻈﺖ ، و4/1mc  ، ﻓﺎﺻﻠﻪ ﺑﻴﻦ اﻟﻜﺘﺮودﻫﺎ47/0 µ1-L.L، ﻏﻠﻈﺖ ﭘﺮاﻛﺴﻴﺪ ﻫﻴﺪروژن6/4 2-mc.Amﺟﺮﻳﺎن
% ﺗﻮﺳﻂ ﻓﺮاﻳﻨﺪ اﻟﻜﺘﺮوﻓﻨﺘﻮن ﻗﺎﺑﻞ دﺳﺘﻴﺎﺑﻲ 001، راﻧﺪﻣﺎن ﺣﺬف 6/7  nimدر ﻃﻲ زﻣﺎن واﻛﻨﺶ ،3ﺑﺎ  ﺑﺮاﺑﺮ Hpدر  اﻟﻜﺘﺮوﻟﻴﺖﺑﻪ ﻋﻨﻮان 
در  . ﺣﺬف ﺗﺘﺮاﺳﺎﻳﻜﻠﻴﻦاﺳﺖ 2/4ﺑﺮاﺑﺮ ﺑﺎ  +2eF/2O2H ﻣﻮﻟﻲ ﻧﺴﺒﺖو  0/750 3-m.hWkﻣﻴﺰان ﻣﺼﺮف اﻧﺮژي ﺷﺮاﻳﻂ اﻳﻦ در  .ﺑﺎﺷﺪ ﻲﻣ
 1-L.gµﺗﺘﺮاﺳﺎﻳﻜﻠﻴﻦ در ﻧﻤﻮﻧﻪ واﻗﻌﻲ ﺑﺮاﺑﺮ ﺑﺎ  ﻏﻠﻈﺖ. ﻛﻨﺪ ﻲﻣﺎﺑﻘﺖ ﻣﻄ=2R(  0/4899) اولاز ﺳﻴﻨﺘﻴﻚ درﺟﻪ  ﻓﺮاﻳﻨﺪ اﻟﻜﺘﺮوﻓﻨﺘﻮنﻃﻲ 
  .ﺑﺮآورد ﮔﺮدﻳﺪ 541±43
ﺗﺘﺮاﺳﻴﻜﻠﻴﻦ  ﺑﺮاي ﺣﺬف ﻣﻨﺎﺳﺒﻲﺑﺴﻴﺎر  روش ،ﻃﺮاﺣﻲ ﺷﺪه ﻓﺮاﻳﻨﺪ اﻟﻜﺘﺮوﻓﻨﺘﻮن ﻣﻄﺎﺑﻖ ﺑﺎ ﻧﺘﺎﻳﺞ ﺑﻪ دﺳﺖ آﻣﺪه ﮔﻴﺮي: ﻧﺘﻴﺠﻪ
  .ﺑﺎﺷﺪ ﻲﻣراﻧﺪﻣﺎن ﺑﺎﻻ ﺑﺎ و  ﺑﺎ ﻛﻤﺘﺮﻳﻦ ﻣﻴﺰان ﻣﺼﺮف اﻧﺮژي ،ﺑﻴﻤﺎرﺳﺘﺎﻧﻲ يﻫﺎ ﻓﺎﺿﻼبز ﺟﻤﻠﻪ ا ي آﻟﻮدهﻫﺎ ﻓﺎﺿﻼب از
  .ﺑﻴﻤﺎرﺳﺘﺎﻧﻲ يﻫﺎ ﻓﺎﺿﻼب ﺗﺘﺮاﺳﺎﻳﻜﻠﻴﻦ، اﻟﻜﺘﺮوﻓﻨﺘﻮن،ﺣﺬف،   :ﻛﻠﻴﺪي ﻛﻠﻤﺎت
Evaluation of Electro-Fenton Process for Tetracycline Antibiotic Removal 
from Aqueous Solutions  
Introduction: Antibiotics are potential pollutant that their disposal and release to environment 
can lead to serious bio-enviromental problems. Residual of these pollutants due to high toxicity and 
health hazards can have adverse effects on human being and variety of organisms; therefore, antibiotic 
removal is crucial from environment. Since applying conventional methods for wastewater treatment do 
not show a remarkable performance for these compounds removal, hence it is requried advanced methods 
of wastewater treatment which are environmentally compatible and can minimize health risks associated 
with human and environment in treated effluents. Therefore, this study aimed to determine the efficiency 
of Electro-fenton (EF) process in removing tetracyclin from aqueous hospital efflutents.  
Methods: This experimental study was carried out in a laboratory scale. The impact of effective 
variables in Electro-fenton process including type and concentration of electrolyte, initial contminant 
concentration, current density, hydrogen peroxide concentration, inter-electrode distance and reaction 
time on tetracycline removal efficiency and consumed amount of energy was studied. The design and 
optimization of the removal method was performed using Design Expert 7 software with Response-
Surface Methodology (RSM) and Central Composite Design (CCD) technique in ٥٠ test sreies. The fitted 
model and its regression coefficient were extracted by software and statistically analysed using ANOVA.  
Then, synthetic and real hospital wastewater samples were treated under the optimum conditions and 
tetracycline concentration was determined before and after removal process. The analyte was determined 
using a reversed-phase HPLC method with UV detection at ٣٦٠ nm wavelength. Degredation mechanism 
of tetracycline was assessed following kinetic studies including evaluation of radical scavenger effects 
and the molar ratio of H2O2/Fe in reactor. 
Results: The results revealed that ١٠٠٪ removal efficiency was acheived under optimum 
conditions including tetracycline concentration of ٧٠ mg.L-١, initial pH of ٣, current density of ٦.٤ 
mA.cm-٢ , H٢O٢ concentration of ٧٤.٠  µL.L-١, electrodes interval distance of ٤.١ cm and reaction time of 
٦.٧ min. At these conditions, energy consumption was ٠٫٠٥٧ kWh.m-٣ and the molar ratio of H٢O٢ to Fe٢+ 
was found to be ٢.٤. The tetracycline removal during EF process has followed a first order kinetic model 
with R٢=٠٫٩٩٨٤.Tetracycline concentration in real hospital wastewater was ١٤٥±٣٤ µgL-١. 
Conclusion: According to the obtained results, the designed Electro-fenton process was found to 
be an efficient technique for treatment of tetracycline from contaminated wastewater such as hospital 
efflutents, with the least amount of energy consumption and high level of removal efficiency. 
Keywords: Removal, Tetracycline, Electro-fenton, Aqueous Solutions. 
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